Abstract
Introduction
The importance of clinical practice guidelines (CPG) has been widely recognized and clinicians are increasingly consulting such guidelines for decision support during patient encounters [1, 2] . However, the main obstacle to the wide adoption of shared guidelines consists into the fact that most CPG are typically available as test (pdf files, web pages, charts, diagrams, etc…). Therefore, clinicians must consult the appropriate guideline and then determine how the guideline recommendations apply to the patient at hand. In order to reducing the variability of care and by reducing omission of recommended best treatment practices the use of CPG should be encouraged and their use should be as simple and automated as possible [2, 3] . Several studies have recently emerged in literature proposing decision support systems that use the guidelines as the knowledge base and the clinical information system as the source of instances for the inference engine [4] and several computer-based clinical decision support systems (CDSSs) embodying specific guidelines have been developed to facilitate timely decision support for clinicians. In order to be integrated into the clinical workflow, the guideline based approach should depend on the specific patient and pathology at the hand. This implies that CDSS should be integral part of the clinical information system and the inference engine must be linked with all available clinical records of the patient [5] . Indeed, the wide-spread distribution and use of computable CPG content can be improved if the research community focuses on lack of standards for representing medical knowledge, and on the prohibitive complexity and expense required to adapt encoded guideline content across the heterogeneity of data structures, semantics, and medical vocabularies in use in the nation's health care information systems. The main objective of the KON 3 , a joint effort between companies, university and regional government agencies is to obtain a sharable knowledge based on CPG at a reasonable cost and in a form that can be integrated into the clinician's workflow. The main features of KON 3 is the adoption an Ontology for representation of guidelines in addition to a registry based healthcare information infrastructure. The paper is organized as follows: the next section reports some of the principal approaches proposed in literature to try to standardize and share clinical knowledge from evidence based medicine, while in the third section the KON 3 overview is reported.
Approaches and methods
In literature, there are a lot of approaches in developing computer-based guideline systems. For example the system in [6] is dedicated to the development of a platform, of which a major component is clinically effective and interoperable electronic healthcare records (EHRs). The platform should supports the following requirements:
 Ability to record any clinical information, including complex time-based lab results, imaging, diagnoses, care plans, evaluations, patient education material, workflow based instructions;  Archetype and template-enabling of all clinical systems, empowering clinical professionals to define the content, semantics and user interfaces of systems independently from the software;  Messaging based on HL7, via the use of "legacy archetypes" and systematic mapping definitions; These requirements are based on a new language type, which is ADL (ArchType Definition Language). This language can:
 Define ontology;  Define constraints;  Perform query;  Define HL7 template;
Fig. 1 -Ontology based approach: ADL-based architecture
An example of this approach is shown in figure 1 . User information are organized in semantic relations through ADL language. With ADL is also possible to define some constraints in order to get a decision support.
The approach proposed in [7] is sketched shown in figure 2.
Fig. 2 -Second approach: architecture with diagnostic module and workflow
As shown in figure 2 , the process follows the steps: 1.the Patient Data Module are loaded in DSS system; 2.the ontology, which describes the oncology environment, is populated; 3.DSS system retrieve a possible diagnose and activate a specified workflow; Another approach, proposed in [8] , is based on a formal model that specifies the entities and relationships that compose a computer-interpretable guideline. The model acts as a template for encoding instances of guidelines. Through the model, the medical knowledge included in a guideline is formalized so that electronic applications can use it to generate patient-specific recommendations for clinical decisions. This approach uses the patient data and concept models to create GL (Guide Line) through:  Classes to model Guideline;
 Activity and Action Specifications;
By the way, both third and fourth approach could be based on GLIF model.
Fig. 4 -GLIF Guideline
GLIF guideline defines an ontology for representing guidelines, and a medical ontology for representing medical data and concepts.
As shown in figure 4 , the most important concepts are: Furthermore it is possible to define a set of rules inside the ontology. Rules should be used to define a guideline but also to give a set of recommendations.
A similar approach is described in [6] . 
KON 3 overview
Here we report the main choices in KON 3 realization. KON 3 approach is based on the development of a CDSS in medicine, where especially the "breast cancer" is being treated. There are a lot of guideline for breast cancer, e.g. St. Gallen and NCCN (National comprehensive Cancer Network). For our realization, we have used the latter.
In previous chapter the main approaches and methods for the realization on CDSS have been illustrated.
Our tools are built on top of Protégé [7] , SWRLTab and Jess [8] . Protégé is an open source ontology editor developed at Stanford University. It provides a powerful environment for developing customized knowledge-based applications. Furthermore Protégé supports the construction of object instances from predefined classes using a drag-and-drop mechanism in a visual environment. SWRLTab is a Protégé plug-in used to write SWRL rules [9] . SWRL rules run through a SWRL bridge (SWRLJessTab) that is another Protégé plug-in. SWRLJessTab converts SWRL rules in Jess rules, for execution. The use of rules is needed to make inference on ontology, to build guidelines and to get recommendations. In figure 6 is shown a KON 3 architecture. We can distinguish four levels: 
KON

KON 3 ontology
In this paragraph is presented the realized ontology.
Fig. 7 -Guideline concept in ontology
As shown in figure 7 , there's a "Guideline" concept in the ontology.
A guideline is a set of recommendations consisting of:  contexts (e.g. presentation of symptoms);  tasks: o actions (e.g. inquiry, home care or referral); o decisions: choice of action based on preference criteria; Therefore, the "Guideline" concept is divided into Actions and Decision. The "Actions" concept indicates actions to be performed and it could be related to principal phases of the breast cancer care (Work-Up, Primary treatment, Follow-Up). The "Decision" concept indicates the activity of "taking a decision". This is the main purpose of CDSS. 
rules in DCIS domain
As stated, it's necessary, now, to develop a set of rules to create guideline for actions and decisions. The domain is DCIS. In DCIS, a possible set of actions is the following: In SWRL rule it's possible to notice that if exist a Patient (PatientData (?patient)), who was diagnosed a DCIS cancer, then it's necessary to make some actions (through makeWorkUp relations) and take some decision among those illustrated in alternativeDecisionWorkUp relations.
In DCIS a possible list of recommendations is: A) The NCCN recommends a pathology review (another pathologist to look at the biopsy sample) to be certain that you have DCIS and not an invasive cancer or other condition; B) If DCIS is present in only one area and no cancer is found at the edges of the first surgical excision, the surgical options are either a total mastectomy or a lumpectomy; C) If a lumpectomy is chosen, then radiation therapy to the whole breast with a boost to the site of the tumor may or may not be done depending on several factors, such as woman's age, other health problems, certain characteristics of the tumor, and the woman's preference; D) Mastectomy is recommended if the margins of the excision contain cancer and, even with repeat surgery, the DCIS cannot be completely removed; E) If the mammogram, physical examination or biopsy results show that two or more separate areas of the breast contain DCIS, mastectomy is recommended; F) After lumpectomy, a mammogram is suggested to ensure that the entire tumor has been removed; 
Conclusions
In this paper we have shown the main approaches to realize a CDSS based on ontology for patient data, guideline and oncology taxonomy. The ontology includes a set of rules to build both specifies guideline and DSS in order to get recommendations and to help clinicians in their choices.
